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Section 1 

I NTRODUCT I ON 

The  purpose of the  work  described in this  report  was  to  conduct a survey 
and perform a study,  to  define  the  role  that  microwaves  may  play in the  measure- 
ment of terrain-related  parameters  such  as  soil moisture, crop  and  vegetation 
identification,  determination of crop  growth  stage and similar  items  of  interest 
to  users of remotely  sensed  data. In addition, a study  was  required  on  the 
advantages  and  disadvantages 
both  airborne and spaceborne 

The  survey  consisted of 
sensed  data  and  researchers I 

of  microwaves  over  other  remote  sensing  techniques, 

in-depth  discussions  with many users  of  remotely 
n this  field;  attendance at the Ninth International 

Symposium  on  Remote  Sensing  of  Environment; a visit  to  the  Laboratory  for 
Applications of Remote  Sensing at Purdue  University; and solicitation of replies 
to a variety  of  questions 1 isted in a detailed  Survey  Questionnaire. 

The  information  accumulated,  as a result  of  the  survey,  was  summarized  and 
analyzed. In addition,  technical  material  furnished by many of the  users and 
researchers  was  studied.  This  information is  listed in the  References and 
Bibliography.  The  results  of  the  survey  are  presented in Section 3 ;  analyses  of  the 
results  appear in Sections 4 and 5. Section 6 furnishes a list of  references and 
Section 7 furnishes a bibliography  of  technical  material  provided  or  referenced 
by users  and  researchers. 

It is clear  that, in a survey  and  study  of  such  broad  scope, it would  have 
been  relatively  easy  to  assign a man-year  of  effort to the  entire  effort. 
However,  constraints  imposed by the  project, of which  the  survey is a minor  part, 
restricted  this  work  to  less  than 1.5 man-months.  Despite  the  brevity o f  the 
effort, it is felt that the  results  are  representative and the  analyses,  conducted 
thereon,  are val id. 

The  results of the  survey  and  study  show  that  microwaves  can  play  an  important 
role i n  remote  sensing,  partly  due to their  relative  immunity  to  the  effects  of 
weather,  partly to their  unique  detection  capabilities  (water  salinity  and  soil 
moisture)  and  partly  to  their  ability  to  I'see''  through  foliage  and  limited  thick- 



nesses  of  soil.  Although it may  be  difficult  to  achieve  adeq,uate  spatial  resolu- 
tion  with  low  frequency  microwave  radiometric  sensors,  from  earth  satellites, 
focused  side-looking  radar (SLR) can  furnish a resolution of, at  least, 15 meters 
from  such  vehicles. Of course, SLR cannot  measure  water  salinity  nor  water 

temperature. 

Based  on  the  results  of  this work, it is clear  that  microwaves  can  play an 
important  role in remote  sensing of terrain,  from  aircraft  and  spacecraft. 
Accordingly, it is recommended  that  plans  be  initiated at an  early  date  for  air- 
borne  and  spaceborne  microwave  systems. At the  same  time,  development of the 
related  data  processing and automated data analysis  techniques  should  be  accelerated. 
It is felt that proper  implementation  of  this  work  will  be  of  considerable  value  to 

the  remote  sensing  field. 
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Sect ion 2 

TERRAIN SURVEY APPROACH 

2.1 I NTRODUCT I ON 

In certain  respects,  this  survey  has been  viewed  as an extension of the 

survey  conducted in connection with  the  study  performed by Porter and Florance 
[l]. In that work, a representative variety o f  microwave radiometric data were 

generated and. collected  for  use in computing brightness temperatures radiated 
by various  terrestrial materials and phenomena,  under a range of atmospheric 
conditions. The detectability of the materials and phenomena was, then, computed 
at seven (7) microwave and mi 1 1  imeter-wave frequencies, with state-of-the-art 
radiometric systems operating with  specified  antenna  apertures. 

Time has not permitted a similarly ambitious study in connection with this 
survey; the above work occupied a period of ten (10) months, whereas the time 
devoted to this  survey has been just two  (2)  months. Of course, the objectives 

o f  this study are  somewhat different from  the  referenced work, in that extensive 
data manipulations and analyses were not  required. I n  addition, an exhaustive 

evaluation of the state-of-the-art of microwave radiometric systems and space-type 

antennas was not essential.  However, a considerable amount o f  useful information 

has been accumulated to  permit a valid assessment of the  role that microwaves may 
play in the measurement of various terrain-related parameters.  This has included 

results  from ground-based, airborne and space-borne radiometric observations of 

such  items as soi  Is, vegetation, fresh water, snow, ice and oi 1 spi 11s in ocean 
water. Some of the equipments and analytical techniques, employed in these 
observations, have been quite sophisticated. Accordingly, the  results  obtained 

have provided a firm basis  for this study. 

2.2 SURVEY APPROACH DETAILS 

Due  to  the  short  period of  time available for  the survey, it was  decided to 

obtain the requisite information in the follow.ing manner: 
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1. A t t e n d a n c e   a t   t h e   N i n t h   I n t e r n a t i o n a l  Symposium  on  Remote 

Sensing o f  Env i ronment ,   he ld   Apr i l   15-19 th ,  1974 a t   t h e  

Un i vers  i t y  o f   M i c h i g a n  . 
2. M e e t i n g s   w i t h   r e s e a r c h e r s   i n   t h e   r e m o t e   s e n s i n g   f i e l d  and 

w i t h   u s e r s   o f   r e m o t e l y  sensed  data. 

and 3 .  S o l i c i t a t i o n   o f   r e p l i e s   t o  a comprehensive  quest ionnai re 

f r o m   i n d i v i d u a l s  engaged i n  r e m o t e   s e n s i n g   a c t i v i t i e s  and 

f rom  users   o f   remote ly   sensed  da ta .  

2.2.1 COMMENTS ON THE SYMPOSIUM 

A t o t a l   o f   t h i r t e e n  (13) papers   dea l t   w i th   m ic rowave   rad iomet ry ,  One 

o t h e r ,   t o  be w r i t t e n  by  a  Russian  author, was not   presented.   E leven (11) papers, 

d e a l i n g  w i th  radar,  were  presen,ted.  Most o f   t h e s e   i n v o l v e d   s i d e - l o o k i n g   r a d a r .  

An add i t i ona l   paper ,  t o  b e   w r i t t e n  by  a  Russian  author, was no t   p resented .  

Reference  [2]  provides  summaries o f  papers   g i ven   a t   t he  Symposium. 

Two i n t e r e s t i n g   p a p e r s  [3 ,  41 d e a l i n g  wi th microwave  radiometry,   have been 

o b t a i n e d   i n   p r e p r i n t   f o r m .  The f i rs t -ment ioned  paper   descr ibes  ground-based 

r a d i o m e t r i c   o b s e r v a t i o n s   a t  1.4 and 10.7 GHz. The  L-band rad iometer   da ta  shows a 

s a t i s f a c t o r y   r e s p o n s e   t o   s o i l   m o i s t u r e   t h r o u g h   l o w   d e n s i t y   v e g e t a t i o n ,   f o r  

v e r t i c a l   p o l a r i z a t i o n .   I n   a d d i t i o n ,   s u r f a c e   r o u g h n e s s   a p p e a r s   t o   h a v e   l i t t l e  

e f f e c t  on s o i l   m o i s t u r e   r e s p o n s e   f o r   t h i s   p o l a r i z a t i o n .  

The second-ment ioned  paper   p resents   a i rborne   imagery   o f   agr icu l tu ra l   a reas ,  

o b t a i n e d   w i t h  a 35 GHz s c a n n i n g   r a d i o m e t e r ,   d u r i n g   w i n t e r ,   s p r i n g  and summer 

c o n d i t i o n s .  The da ta  show t h a t   f i e l d   p a t t e r n s ,  ponds,  lakes,  roads,  forested 

areas and bu i ld ings   a re   de tec tab le   th rough  approx imate ly   0 .5 -meter  snow depths.  

I n  add i t i on ,   t hese   f ea tu res  and b u i l d i n g s   w e r e  imaged th rough a c l o u d   l a y e r  1,500 

f e e t   t h i c k .  T h i s  i s   r a t h e r   s i g n i f i c a n t ,   a t   t h i s   f r e q u e n c y ,  and i n d i c a t e s   t h e  

s u p e r i o r i t y  o f  mic rowave  sensors   over   those  in   the   v is ib le  and in f ra red   reg ions ,  

where  atmospher ic  ef fects  are  concerned. 
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Most o f   t h e  non-microwave  papers,   presented  at   the Symposium, d e a l t  w i th  

d a t a   o b t a i n e d   b y   t h e  ERTS-1 Mu l t i -Spec t ra l   Scanner  (MSS) . I t  was c l e a r   f r o m  

these t h a t  ERTS i s   p e r f o r m i n g  a v a l u a b l e   f u n c t i o n   i n   t h e  measurement o f   t e r r a i n -  

r e l a t e d   p a r a m e t e r s ,   n o t w i t h s t a n d i n g   t h e   s e n s o r s '   i n a b i l i t y   t o   p e n e t r a t e   c l o u d  

cover  and c o l l e c t   i n f o r m a t i o n  on t h e   d a r k   s i d e   o f   . t h e   e a r t h ,  and t h e   s a t e l l i t e ' s  

i n f r e q u e n t   s c a n   r e p e t i t i o n   ( o n c e   e v e r y  18 days) . A1 though  the MSS sensors  are 

l i m i t e d   t o   o p e r a t i o n   o v e r   t h e   d a y l i g h t   s i d e  o f  t h e   e a r t h ,   t h e   D a t a   C o l l e c t i o n  

P la t fo rms   pe rm i t   recep t ion   o f   t e lemete red   da ta   under ,   bo th ,   day1   i gh t  and n i g h t -  

t i m e   c o n d i t i o n s .   T h e s e   d e v i c e s   t e n d   t o   m i t i g a t e   t h e   s h o r t c o m i n g s   o f   t h e  MSS 

sensors,  where  cloudy and n igh t t ime   cond i t i ons   a re   conce rned .  

2.2.2 MEETINGS  WITH RESEARCHERS AND USERS IN REMOTE SENSING FIELD 

Severa l   impor tan t   meet ings   were   he ld   w i th   researchers   in   the   remote   sens ing  

f i e l d  and w i t h   u s e r s   o f   r e m o t e l y   s e n s e d   d a t a ,   t o   o b t a  

survey.  These  are 1 i s ted   be low:  

i 

1 .  L. F. S i l v a ,  D.A. Landgrebe, R.M. H o f f e r ,  F. 

and V. 'Vanderbi 1 t, L a b o r a t o r y   f o r  Appl i c a t i  

n   i n f o r m a t i o n   f o r   t h e  

Schul tr, B. Robinson 

ons o f  Remote Sensing, 

Purdue  Un ivers i ty ,  West La faye t te ,   Ind iana.  

2. R.H. M i l l e r ,  U.S. Dept. o f  Agr icu l ture,   Washington,  DC. 

3 .  W. F i sche r ,  D. Ca r te r  and C.  Robinove, EROS Program, U.S. 

Geological   Survey,  Reston,  Virginia.  

4. G.B. To rbe r t  and J.M. Linne,  Bureau of Land  Management, Dept. 

o f   t h e   I n t e r i o r ,   W a s h i n g t o n ,  DC. 

5. J.D. Koutsandreas,   Env i ronmenta l   Protect ion Agency,  Washington, DC. 

6 .  E.P. McLain, A.E. Strong, D.R. Wiesnet and J.W. Sherman, I I I ,  

National   Environmental   Sate1  1 i t e   Se rv i ce ,   Na t iona l   Ocean ic  and 

Atmospher ic   Admin is t ra t ion ,  H i 1  l c res t   He igh ts ,   Mary land.  

7. T.J. Schrnugge, NASA Goddard  Space F1 Sght  Center,  Greenbelt,  

Mary 1 and. 

The r e s u l t s   o f   t h e  above   pe rsona l   con tac ts   a re   g i ven   i n   Sec t i on  3 .  
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2.2.3 REMOTE SENSING QUESTIONNAIRE 

To- f a c i l i t a t e   c o l l e c t i o n   o f   i n f o r m a t i o n   f o r   t h e   t e r r a i n   s u r v e y ,   a  

comp rehens i ve  quest i onn  a i r e  was p  repa  red,  reproduced and fo rwa  rded  to  twen t y -  

f o u r  (24)  researchers and u s e r s   i n   t h e   f i e l d   o f   r e m o t e   s e n s i n g .  The ques t ion-  

n a i   r e   c o n s i s t s   o f   t h r e e  (3) pages  and c i t e s   t h e   p u r p o s e   o f   t h e   s u r v e y ,   f o l  lowed 

by f i f t e e n  ( 1 5 )   i n d i v i d u a l   q u e s t i o n s   t o  be  answered  by  the  addressee.  The 

ques t ionna i re   i s   ‘ reproduced  on   the   fo l low ing   pages .  A t o t a l   o f   f i f t e e n  (15) 

rep1   i es   were   rece ived   f rom  th i s   so l i c i t a t i on .   These   a re   cons ide red   t o  be 

r e p r e s e n t a t i v e   o f   t h e   r e m o t e   s e n s i n g   f i e l d .  Many r e p l i e s   i n c l u d e   e x t e n s i v e  

b ib l iograph ies ;   a   few  respondents   fu rn ished  cop ies   o f   f -ecent   papers .  
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RADIOMETRIC TECHNOLOGY, INC. 
28C Vernon St ree t ,  

Wakefield, MA 01880 

Te l :  (617) 245-8070 

TECHNICAL SURVEY 

NASA - Langley  Contract NAS 1-13126 

MICROWAVE RADIOMETRIC SENSING OF TERRAIN 

PURPOSE OF SURVEY 

1 .  To de f i ne   t he   ro le   t ha t   a i rbo rne  and spaceborne  microwave  radiometry may p l a y   i n  
the  measurement o f   t e r r a i n - r e l a t e d  parameters. 

2. To determine  the  advantages and disadvantages of microwave  radiometry  over  other 
remote  sensing  techniques  (space and a i rborne) .  

The pr ime  ter ra in- re la ted  parameters,   to  be  covered in  the  survey,  are as fo l lows:  

1 .  

2. 

3 .  
4. 

5 .  
6. 

7. 
8. 

9. 
10. 

1 1 .  

12. 

13. 
14. 

15. 
16. 

17. 
18. 

19. 
20. 

21. 

22. 

S o i l   i d e n t i f i c a t i o n  

Soi 1 temperature 

So i l  and snow m o i s t u r e ,   w i t h   d i s t r i b u t i o n  

S o i l   m o i s t u r e   f o r   l a n d s l i d e   p o t e n t i a l  

Snow depth and dens i t y  

D isc r im ina t i on  between  crops,  forests and other   vegetat ion 

D isc r im ina t i on  between  crops 

D isc r im ina t i on  between d i f f e r e n t   t y p e s   o f   t r e e s  

Crop and forest  growth  stage 

Crop d i seases 

Forest  diseases - f o r  example, d e f o l i a t i o n  due t o  gypsy  moth i n f e s t a t i o n  

Crop and forest  acreage 

Crop and fo res t   mo is tu re  

D e t e c t i o n   o f   f o r e s t   f i r e s  

Assessment o f  burned and c l e a r   c u t  areas 

Flood  boundaries 

Water p o l l u t i o n  - thermal and chemical 

Fresh  water  ice 

Beach eros ion  

Geological   features - f a u l t   l i n e s ,   v o l c a n i c   a c t i v i t y ,   l a v a   f l o w s ,  and 

e x t e n t   o f   s t r i p   m i n i n g  

Hydrogeological - g l a c i a l ,  snow and i c e  

Land use - crop and t ruck   fa rming  

- housing 

- t ranspor ta t i on  
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1 .  

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

RAD I OMETR 
28C 

Wa ke f  

Tel  : 

I C  TECHNOLOGY, INC. 
Vernon Street ,  

i e l d ,  MA 01880 

(61 7) 245-8070 
Date: 1974 

MICROWAVE RADIOMETRIC SENSING OF TERRAIN 

SURVEY QUEST I ONNAl RE 

User name and address 

Mater ia ls  and  phenomena o f   i n t e r e s t  

Why i s  remotely sensed data  important  to  you? 

How important i s  remote sensing  -to  you?  Please  explain 

What i s  the  required  data  accuracy? (%, K, Pos i t i on   i n   app rop rda te   un i t s )  0 

What order  o f  s p a t i a l   r e s o l u t i o n  i s  required  for  your  purposes? (Sq. meters, sq. 

ft., acres, sq. mi les,   etc.)  

What types of   corre la t ive  data  are  cons idered  impor tant   for   your   purposes? 

In  what  form  should  the  remotely sensed data be presented? (Computer tabulat ions,  

imagery, graphical   p lots,   computer maps etc . )  

What types o f  equipment  are  current ly employed,  by your   o rgan iza t ion ,   fo r  remote 

sensing?  Give  operat ing  f requencies,   wavelengths,   accuracies,   resolut ion 

" ~ 
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10. Are  samples o f  da ta ,   ob ta ined  w i th   your   equ ipment ,   ava i lab le   fo r   inc lus ion   in  

our   repor t?   P lease  descr ibe and a t t a c h   t o   t h i s   Q u e s t i o n n a i r e  

.- ~ . .. .. ." ~~ - ". - .. ___ - 

1 1 .  Have there  been any s ign i f i can t   da ta   in te rpre ta t ion   p rob lems  assoc ia ted   w i th  

your  current  remote  sensing  techniques?  Please  describe 

12. Please  give names of other   users ,   o r   po ten t ia l   users ,   fo r   remote ly  sensed data 

i n   y o u r   a r e a   o f   i n t e r e s t  

13. Please  provide l i s t  o f   technica l   repor ts   or   papers,   publ ished  in   connect ion 

w i th   you r   cu r ren t  remote  sensing  program  (attach t o   t h i s   Q u e s t i o n n a i r e ) .  

14. In  your  opinion,  what  are  the  advantages and disadvantages o f  microwave  radio- 

me t r i c  remote  sensing,  from a i r c r a f t  and spacecraft,   over  other  techniques?- 

(Signature) 

(Name, p lease   p r i n t )  

( T i t l e )  

(Tel. No.) 
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Section 3 

TERRAIN SURVEY RESULTS 

As stated  in   the  preceding  Sect ion,  a t o t a l   o f   f i f t e e n  (15)   rep l ies were 

received  f rom  twenty-four (24) Survey   Quest ionna i re   so l i c i ta t ions .   For  ease 

o f  rev iew,   rep l ies  to   the  key  i tems have been summarized in   Tab le  3-1. 

These are  considered  to be rep resen ta t i ve   o f   t he  remote  sensing  community  since 

they   fu rn ish  a ra ther   w ide   var ie ty   o f   use fu l   in fo rmat ion .  

I t  i s   wor th   rev iew ing  some the  key  requi rements  l is ted by the  respondents. 

Refer r ing   to   Tab le  3-1 t he   f o l l ow ing   ma te r ia l s  and  phenomena are o f  i n t e r e s t   t o  

users : 

So i l   c lass i f i ca t ion ,   mo is tu re ,   depth  and p a r t i c l e   s i z e .  

Soi l   cover and p lan t   t ype .  

Estimates o f   s o i l   e v a p o t r a n s p i r a t i o n .  

Land use  patterns.  

Percentage  stone in  land  areas. 

Sand and mud f l a t  areas. 

Beach e ros i on . 
Drainage  patterns.  

Snow, g lac ie r   i ce ,   l ake   i ce  and sea ice. 

Fresh  water  qual i t y  and temperature. 

Lake wave he i   gh t  . 
Flood  boundaries. 

Sediments and suspended mater ia ls .  

Environmental   pol lutants on land and in   water .  

Forest f i res. 

Crops, forests ,   forest   burned and c l e a r   c u t  areas. 

Vegetation  cover  types. 

Geological  features - f a u l t   l i n e s ,   v o l c a n i c   a c t i v i t y ,   l a v a  

flows, and ex ten t  o f  s t r i p  mining. 

3- 1 
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TABLE 3-1  - SUMMARY OF  TERRAIN SURVEY 

1 
I 
! 

W 
I 

~ N 

~ ~~ 

Quest ionnai   re  I tern 

1 .  User name and address 

2 .  Mater ia ls  and  phenomena 
o f   i n t e r e s t  

5. Required  data  accuracy 

6. Required  spatial  reso- 
1 u t   i o n  

7 .  Types o f   c o r r e l a t i v e  
data needed 

8. Form o f  data  presenta- 
t ion  

9. Equipment c u r r e n t l y  
emp 1 oyed 

14a. Advantages o f  micro- 
wave rad i ome t ry 

14b. Disadvantages o f  
m i  c rowave 

15. Other comments 

Ed i to r ' s   no te :  

USDA, Agric. Res. Service 
Chickasha, OK 

So i l   mo is tu re ,   pa r t i c l e   s i ze  
so i l   dep th  and c l a s s i f i c a t i o l  
so i l   cover  and plant  type. 

i- 1%; k 30K acceptable  over 
1 s q .  m i l e   o r   l a r g e r  

4047 sq.  meters ( 1  acre).  

1 

I R  su r f .  temps., r e l a t e d   t o  
each data  po int .  

Imagery and computer com- 
p a t i b l e  tapes. 

L, X and Ka-band radiometers 
L and  X-band radar. 

Expect i t  can  sense vegeta- 
t i on   cove r  and hydro log ic  
c a p a b i l i t y   o f   s o i l s .  

None given . 

None given . 

Answers g iven  are  qu i te  com- 
prehensive and Questionnaire 
should be read i n  de ta i  1 . 

Craig L. Wiegard 
JSDA, Agr ic.  Res. Service 
des 1 aco, TX 

Land use; so i l   water   con ten t  
and est imat ion  o f   evapotran-  
sp i ra t ion;   crop  d iscr imina-  
t i o n ;   s o i l   s a l i n i t y .  

90% accuracy 
0.5 - 1°K 

30 meters. 

IR  temps., so la r   rad ia t ion ,  
V i s i b l e  and r e f l e c t i v e  IR, 
photography. 

Imagery wi th annotated d i s -  
tance and g r i d  superimposed 
coord. ; computer maps; 
d i g i t a l  mag. tapes. 

L, X and Ka-band radiometers 
L  and  X-band radar. 

A l l -weather   capab i l i t y .  

Lack o f  data  processing  that  
provides  data  in same format 
and reso lu t i on  as v i s i b l e  an 
I R sensors. 

Should inves t iga te  microwave 
response w i th  ground-based E 
low a1 ti tude  ai  rborne  system 

Saul Cooper 
US Army Corps o f  Engineers 
(NED) Wal tham, MA 
Monitoring  qual i t y  and  quan- 
t i t y   o f   s u r f a c e   w a t e r ;  vege- 
t a t i o n ,   s o i l  and land  use 
parameters a f fec t i ng   runo f f .  
Snow cover ;   e f fec ts   o f   f loods  
r i v e r  and coastal .  

None given . 
36.8 sq. meters (400 sq. ft. 

Ground t r u t h   o f  hydrometeoro- 
logical   parameters  f rom  in 
s i t u  sensors o r   f i e l d  survey 
p a r t i e s  . 
Computer tabulat ions;  imagery, 
graphica l   p lo ts ,  computer 
maps. 

No imaging  eqpt. Have major 
program i n  automated data 
c o l l e c t i o n  (See Reference 5 )  
See reply  under  Harlan L. 
McKim, US Army CRREL 

See rep l y  under  Harlan L. 
McKim, US Army CRREL 

Most o f  N E D ' S  publ icat ions 
r e f e r   t o  DCS and are  probably 
i r r e l e v a n t   t o   t h i s ,  survey. 



TABLE 3- 1 (Continued) 

W 
I 

W 

~~~ ~ 

Questionnaire I tern 

1. User name  and address 

2. Mater ia ls and  phenomena 
of  i n te res t  

5. Required  data  accuracy 

6 .  Required  spatial 
reso l   u t   ion  

7. Types o f   c o r r e l a t i v e  
data needed 

8 .  Form o f  data  presenta- 
t ion 

9. Equipment cu r ren t l y  
emp 1 oyed 

Harlan L. McKim 
s’ Army Cold  Regions 
es. & Engineering  Laboratory 
anover, NH 

and  and water  surfaces. Land 
se patterns,   soi l   moisture,  
a t e r   q u a l i t y ,   i n t e r t i d a l  
ab i ta ts ,  sand  and mud f l a t s ,  
e l  grass,  thermal  pollution, 
now depth and densi ty.  

- 1O0K; 15 meters  nominal. 

r o f i l e   r e s o l u t i o n  5 - 10 
eters .   Spat ia l   resolut ion 
84 - 460 sq. meters 

o i l  and vegetation  type. Sur 
i c i a l  geology maps, s o i l  
o isture,   water  qual   i ty ,  temp 
ediment  concentrations,  low 
1 t i tude   a i rborne  imagery. 

omputer maps  and tabulat ions 

ave used NASA P E M l S  (X-band, 
-300°K, reso lu t ion  of 1219 m 
ran h = 1219 m).  

Donald R. Wiesnet 
NOAA Nat. Env. Sat. Service 
Suitland, MD 

So i l   i den t i f i ca t i on ,  tempera- 
tu re  and moisture. Snow mois- 
ture,  depth and density. 
Flood  boundaries,  water  pol 
lu t ion ,  beach erosion. Hydro- 
geological-glacial ,  snow  and 
ice. 

5 -  100 m, depending on app l i -  
ca t ion  (see  Attachment I t o  
Questionnaire). 

10 - 100 m, depending on 
appl i ca t i on  (see  Attachment 
I to   Quest ionnai re) .  

Streamflow; snow depth, 
albedo and physical  proper- 
t ies ;   sur face temp., s o i l  
moisture;  spectral  ref lec- 
tance;  spectral  emissivity, 
atmospheric  attenuation; 
lake  levels. 

Imagery w i th  computer  tabu- 
la t ions ,  when required i.e., 
backup tapes f o r   d e t a i l e d  
analysis. 

NOAA-2 sensors:  Scanning 
radiometer.  Vert. temp. 
p r o f i   l e  radiometer. Very 
high  resolut ion  radiometer.  

Roger $1. Barry 
I n s t .   o f   A r c t i c  & Alpine 
Research, Univ. o f  Colorado, 
Boulder, C O  

Hydrogeological,  geological, 
ecological.  Vegetation  cover 
types. 

Pos i t i on   w i th in  100 m. 

s 10,000 m2 f o r  most studies 

T i m e  ove r lays   o f  snow cover 
and sea ice. 

Imagery,  computer maps. 

None. 



TABLE 3-1 (Continued) 

Quest ionnai   re 1 tern 

14a. Advantages of 
microwave  rad 

14b. Disadvantages 
m i c rowave rad 

iometry 

15. Other comnents 

o f  
iometry 

Harlan L. McKim 

in.,   interference  from atmos 
aze apd c louds ;   so i l  moisturc 
nd wa te r   sa l i n i t y   de tec t i on ;  
il s p i l l   d e t e c t i o n .  

o s t  and spat ia l   reso lu t ion .  

one given. 

Donald R.  Wiesnet 

Can penetrate  cloud  cover. 
Radar has good t o   e x c e l l e n t  
spa t ia l   reso lu t ion .  

Theory i n s u f f i c i e n t l y  
developed fo r   t e r ra in   ana ly -  
s i s .  Poor resolut ion  f rom 
sate1 1 i te. 
We want  a  radar i n  space. 

Roger G .  Barry 

Airborne SLR i s  usefu 
napping sea i c e  age d 
but ion  in   presence  o f  
cover . 
Spat ia l   reso lu t ion  o f  
sa te l  1 i t e  rad  iometrv i 

i n  
s t r i -  
snow 

s too 
coarse f o r  most o f   o u r  work. 

Most o f  our  research has 
been w i t h   v i s u a l  and I R  
imagery. Have used some SLAR 
imagery o f  sea ice,  supplied 
by Canadian Defence  Research 
Board. 



TABLE 3-1 (Continued) 

W 
I 
vl 

Questionnaire I tem 

1 . User name  and address 

2. Mater ia ls and  phenoment 
o f   i n t e r e s t  

5. Required  data  accuracy 

6 .  Requi red  spatial  reso- 
l u t  ion 

7. Types o f   c o r r e l a t i v e  
data needed 

8. Form o f  data  presenta- 
t ion 

9. Equipment cu r ren t l y  
emp 1 oyed 

14a. Advantages o f  micro- 
wave radiometry 

14b. Disadvantages o f  

15. Other comnents 

m i  crowave rad i omet r y  

~~ ~~ ~ 

J.W. Jarman 
IS Army Corps o f  Engineers 
rash ington, D C  

later and re1  ated  land ' 
'esources . 

\ f unc t i on   o f  use o f   da ta .  

lquare m i  les.  

iround observations. 

'arious. 

lo in-house acqu is i t ion  
apabi 1 i t y  

,ll -weather  capabi 1 i ty.  

None given. 

None given . 

~~~~ _ _ _ _ _ ~  

A.N. Wi 11 iamson 
US Army Engineers 
Waterways Experiment S ta t io r  
Vicksburg, MS 

Sediments and suspended 
mater ia ls;   t ransport  and 
deposi t ion  o f   mater ia ls ;  
land use; f looding. 

Spatial  accuracy: 150 meters 
Spectral  resolut ion: k 2%. 

2023 sq. meters (0.5 acre). 

Suspended mater ia l  concen- 
t r a t i o n   ( t o t a l )   i n  mg/l. 
Secchi  depth;  water  depth. 

Computer compatible  tapes 
and black-and-white imagery. 

ERTS-1 Mu l t i spec t ra l  Scanner 
NASA 24-channel  scanner; 
mult ispectral  photography. 
In te res ts   a re   p r imar i l y  
between, but  not  always  re- 
s t r i c t e d   t o  0.5 t o  1.1 pm. 
The ou tpu t   o f  microwave radi l  
meters must be interpreted 
i n   t h e  same manner  as ae r ia l  
o r  sate1 1 i t e  photography.The 
resu l t s  are, therefore, sub- 
j e c t i v e  and a f fec ted  by the 
sk i1  1 and background o f   t h e  
in te rpre ter .  

See above. 

None g i ven . 

~~ ~ ~ ~ ~~ ~~~ ~ ~~ 

Alan E. Strong 
NOAA Nat. Env. Sat. Service 
Suit land, MD 

Water p o l l u t i o n  - thermalanc 
chemical.  Hydrogeological - 
g lac ia l ,  snow  and ice.  Mostl) 
fresh  water  lake  determina- 
t ions :  Waves, temperatures, 
co lo r  (Much va lue   in   mu l t i -  
spectral  sensing). Lake ice. 

Lake water temps.: Within 
0.5OC absolute. 
Relative  accuracy: - 0.25OC. 

1 km, f rom  sa te l l i tes .  

M u l t i s p e c t r a l   a i r c r a f t  and 
s a t e l l i t e  data. Models and 
ground t ru th .  

Imagery and computer maps. 

NOAA-2 and ERTS-1 s a t e l l i t e  
sys terns. 

Can detect  lake  ice  through 
cloud  cover;  important 
dur ing  winter months. 

I R  has resolut ion  requi red 
for  lake  surface  temperature 

None g i ven . 



TABLE 3-1 (Continued) 

W 
I m 

Questionnaire I tem 

1. User name  and address 

2. Mater ia ls  and  phenomena 
o f   i n t e r e s t  

5. Requ i red  data  accuracy 

6. Required  spatial 
reso lu t ion  

7. Types o f   c o r r e l a t i v e  
data needed 

8. Form of   data  presenta-  
t ion 

9. Equipment c u r r e n t l y  
emp 1 oyed 

14a. Advantages o f  
m i  c rowave rad i omet r y  

John D.  Koutsandreas 
mvironmental  Protection 
rgency , Wash i ngton , DC 

.nvi  ronmental  pol  lutants on 
and  and i n  water. 

i a l i n i t y :  < 1 pt.per thousand 
)il: < 0.1 mm. 

r6 sq. meters. 

n s i t u   d a t a  on p o l l u t l o n  
concentrat ions. 

Imagery i s  usual l y  most use- 
able. 

l e t r i c  cameras, 1R scanners, 
,anoramic cameras, 1 idar  
[ v i s i b l e  and I R  f o r   a i r  , 
)o l   I u t i on ) .  

\11 weather.   Quant i tat ive 
data. 

Bart Hague 
Environmental  Protection 
Agency, Boston, MA 

Point and non-point  sources 
o f  p o l l u t i o n .  

?: O.I'C, * 15 m . 
Sq. ft., fo r   water  uses; 
acres  for  1 and use pat terns.  

C 1  imate; so i l   r epo r t s ;  we1 1 
records;  hydrological  studie 
topographic,   surf ic ia l   geol .  
and bed rock  geol . , maps. 

Evaluation: Computer tabula- 
t i o n s  

Descr ip t ion:  Imagery, compu- 
t e r  maps. 

None. 

Unaffected by cloud  cover; 
can prov ide temp. data;  les! 
expensive  than  radar. 

George W. Bai ley 
Southeast  Envi r. Res.  Lab., 
Env. Protect ion Agency, 
Athens, GA 

S o i l   i d e n t i f i c a t i o n ,  temp., 
and moisture. Snow moisture. 
Discr iminat ion between crops 
fo res ts  and other  vegetat ion 
D iscr im ina t ion  between crops 
Crop and forest  growth  stage 
and acreage. Assessment o f  
f o res t  burned and c lea r   cu t  
areas. Land use. Spa t ia l   d i s  
t r i b u t i o n  o f  crops. Type and 
s p a t i a l   d i s t r i b u t i o n  o f  s o i l  
Conservation  practices. 
Drainage.  Percenta,ge  stone. 

k 0.5OC and k 1% s o i l  
moisture. 

Acres. 

Must es tab l i sh   ve rac i t y  o f  
re la t ionsh ips ;   there fore  
need ground t r u t h   d a t a   t o  
e s t a b l i s h   r e l a t i o n s h i p   f o r  
above-1 i s ted  parameters. 

Computer tabu la t ions  and 
computer maps. 

Cameras - b lack and wh i te  an 
co lo r ,  I R  thermal  scanner, 
microwave and radar. 

May have  unique  capabil i ty 
t o   de tec t   so i l   mo is tu re  con. 
tent ,  with spa t ia l  and 
v e r t i c a l   d i s t r i b u t i o n .  



Questionnai  re I tem 

14b. Disadvantages o f  
microwave radiometry 

15. Other comnents 

TABLE 3-1 (Continued) 

John D .  Koutsandreas Bart Hague 

None  g i ven . Less spat ia l   resolut ion  than 
radar. 

In terested  in   detect ing l In terested  in   fo l lowing:  
s a l i n i t y   i n   s o i l s .  Also, neeai Swamps, bogs,  marsh, drainag 
volume o f   o i  1 s p i l l e d  on  impoundments. Water p o l   l u t i o  
water .   In   addi t ion,   in ter   turb id i ty ,   mix ing zones, 
es ted   in   de tec t ing   ac id   tox ic  substances  (metals). 
drainage  from mines and  chem- Air po l l u t i on .  Sewage and 
ica l   e f f luents   f rom  indust r ia l   so l id  waste disposal,  trench 
plants.  ing,  excavating and grading, 

dewatering,  construction 
materials,  soi l   impaction, 
groundwater  supply, pond o r  
lake  construction, founda- 

1 t ions, and highway  construc- 

1 t i on .  
I 

George W. Bai ley 
~~~ ~~ 

None  g i ven . 
M i l i t a r y   c l a s s i f i e d  informa- 
t i o n  on sensors, and re la ted  
techno1  ogy , shou 1 d be 
dec lass i f ied ,   in   the  main, 
t o  save dupl icat ive  research 
by c i v i l i a n   s e c t o r .  



TABLE 3-1 (Continued) 

W 

03 I I 

Questionnai  re I tem 

1 .  User name and address 

2 .  Mater ia ls  and  phenomena 
o f   i n t e r e s t  

5. Requi red  data  accuracy 

5 .  Required  spatial 
reso lu t ion  

7. Types o f   c o r r e l a t i v e  
data needed 

8. Form of   data  presenta-  
t i o n  

9. Equipment c u r r e n t l y  
emp 1 oyed 
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G.B. Torber t  and J.M. Linne 
u reau o f  Land Management, 
BLM), Dept. o f   t h e   I n t e r i o r  
ash i ngton, D C  

1 1  items in   Quest ionnai re.  

arious,  depending on appl ica 
ion. 

4 m2 t o  2.6 x 10 m , 
epending  on app l ica t ion .  

6 2  

ater  f low,  temperature, 
a l i n i t y ,  pH and t u r b i d i t y .  
l an   t o   ob ta in   t hese  and othe 
a t a   w i t h  Data Co l lec t ion  
1 atforms. 

o be d e f i n e d   l a t e r  by BLM 
nd winner o f   con t rac t   s tudy .  

RTS-1 Mu l t i spec t ra l  Scanner: 
1 X 9 i n .  BEW and co lo r  
hotog; 35 mm color  photog.; 
R scanner and radar. 

Mark F. Meier 
US Geological  Survey 
Tacoma, WA 

Snow, g lac ier   ice.  

2 - 5OK absolute  accuracy. 
Pos i t ion  accuracy commensu- 
ra te   w i th   reso lu t i on .  

1 m2 f o r  ground-based  radic 
meters. - 1 km2 f o r   a i   r c r a  
Much coarser   resolut ion frc 
s a t e l l i t e s .  

Snow  temp., sky  brightness 
temp. Snow wetness,  densit, 
gra in   s ize  e tc . ;   subst rate 
p roper t ies .  

Computer tabulat ions,  
imagery, graphica l   p lo ts ,  
computer maps. 

Have used 3 mm, 8 mm, 1.55 
2.8 cm, 6 cm, 1 1  cm and  21 
radiometers,  Accuracies 
1O0K; reso lu t ion  20 cm - 25 

Stanley F. Kapustka 
JS Geological  Survey 
Port 1 and, OR 

S o i l   i d e n t i f i c a t i o n  and 
m is tu re .   D isc r im ina t i on  
between crops,  forests and 
3ther  vegetation.  Flood 
ioundar ies,   water  pol lut ion,  
beach erosion,  geological 
features and hydrogeological 
features. 

Various. 

Use acres f o r  wate.r surface 
areas. Depends  on applica- 
t ion.  

Need accurate  ground  data 
f o r   c a l i b r a t i o n  and v e r i f i -  
c a t i o n   f o r  any parameter t o  
be i d e n t i f i e d   o r  measured. 

Computer tabulat ions,  
imagery, graphical   p lots,  
computer maps. 

ERTS-1 Data Co l lec t ion   P la t -  
form  used f o r  stream  flow 
data.  Computer-compatible 
tapes  from ERTS t o  compute 
water  surface  areas. 



TABLE 3-1 (Continued) 

W 
I 
u) 

Questionnaire I tern 

14a. Advantages o f  
m i c  rowave rad 

14b. D i sadvan tages 
m i  c  rowave rad 

15. Other comnents 

omet r y  

o f  
omet r y  

G . B .  Torbert and J.M. Linne 

Capable o 
cover and 
n igh t .  

Good spat 

I f  penetrat ing  cloud 
operat ing day o r  

a1 reso lu t ion  I 

d i f f i c u l t   t o  achieve  from 
s a t e l l i t e s .  

In terested  in   moni tor ing 
coal-str ipping  operations. 
Would l i k e  means f o r  examin- 
ing  forest   understory,   s ince 
t h i s   i s   f u e l  source f o r  
f o res t  f i res. 

Mark F. Meier 

All-weather system. Senses 
a l l   s i g n i f i c a n t  snow proper- 
t i es :  Wetness, density, 
thickness,  substrate  proper- 
t ies ,   e tc .  

None  g i ven . 

None given . 

Stanley F. Kapustka 

Not  knowledgeable  about 
th  i s techn i que. 

None  g i ven . 

None  g i ven . 



Most of the  users  need temperature’data.  The  required  absolute  accuracy 

lies in the  range 0.1 to 100K; however,  accuracies in the  range 0.1 to  2OK 

are the most  popular.  Other  accuracy  requirements  are:  Salinity - < 1 part per 
thousand; Oil spills - < 0.1 mm; Soil moisture - f 1%. 

Spatial  resolution  requirements fall in the  range .4 m2 to 2.6 x 10 m , 
with  the  median  value lying at approximately  4047 sq. meters.  One  respondent 
( U . S .  Army CRREL) needs a profile  resolution of 5 to 10 m. 

6 2  

A wide  variety of  correlative data appear  necessary  for  remote  sensing data 

interpretations.  The  following  requirements  were 1 isted in response  to  item 7 
in the  Ouestionnaire: 

Surface  temperatures ( I R  or other) 
Sol ar radiation f 1 ux 
Multispectral data 
Visible and reflective I R  data 

Spectral  emissivity and reflectance 
Photographic data (black-and-white and color) 
Soil  type,  moisture,  salinity and density 

Vegetation  type and height 
Surficial  geological maps 

Topographic  maps 
Bedrock  geological data 

Water qual ity and depth 
Water  pollution  concentration 
St reamf 1 ow 
Suspended  material  concentration 

Water  salinity 

Water pH 
Snow  depth,  wetness,  density and grain size. 
Time  overlays  of  snow  cover and sea  ice 

Sky brightness  temperatures 
Atmospheric  attenuation I- Mi C rowave 

3-1 o 



C l e a r l y ,   c o l l e c t i o n   o f   t h e  above data  would  require a formidable  ar ray 

o f  instruments and equipment.  Furthermore, i f  more than  one s i t e  were invo lved 

i n  a g i ven   sens ing   app l i ca t i on ,   wh ich   i s   ve ry   l i ke l y ,   ce r ta in   po r t i ons   o f   t h i s  

group of   ins t ruments  would  have  to  be m u l t i p l i e d  by  the number o f   s i t e s .   T h i s  

problem  would, o f  course, be somewhat m i t i g a t e d  by t h e   e x i s t e n c e   o f   p o r t i o n s   o f  

the needed ins t rumenta t ion   in   the   user 's   inventory .  

Wi th   re fe rence  to   the   requ i red   fo rm  o f  

spec i f ied  a  need f o r  imagery.  Most o f  them 

tapes  from  which  computer  tabulations, maps 

f u r t h e r   a n a l y s i s   o f  imaged data. 

data  presentat ion,  most  users 

require  computer  compatible  magnetic 

and p l o t s  can  be generated f o r  

Many o f   t h e   u s e r s  have  employed  microwave rad iometr ic   sensors  in   the i r   work;  

some have  used  radar. Many a r e   a l s o   e x p l o i t i n g   t h e  ERTS-1 Mul t i -Spect ra l  Scanner 

system. This  includes,  of   course,  the USGS and NOAA. The l a t t e r  Agency i s   a l s o  

u s i n g   i t s   v i s i b l e  and in f ra red   rad iomete rs   i n   t he  NOAA-2 S a t e l l i t e .  Black-and- 

w h i t e  and color  photography  are  widely used  by the  Department o f   t h e   I n t e r i o r  and 

the  Environmental  Protection Agency. I t  i s  ass.umed t h a t   f a l s e   c o l o r   i n f r a r e d  

photography i s  employed  by some users;  however, there was no mention o f   t h i s  

technique  in  the  responses. 

I t  was noted,  during  the  survey,  that some users  were  not   very   fami l iar   wi th  

t h e   u t i l i t y   o f  microwave  radiometric  sensing.  During  the  course o f   s e v e r a l   i n t e r -  

views, i t  was necessary t o   g i v e   l e n g t h y   t u t o r i a l s  on this  technique. I t  would 

appear t h a t  an extensive  educational  process may be required  before  widespread  use 

o f  microwave radiometry can  be an t ic ipa ted .  The impression  gained  during  the 

survey was tha t ,   un less   there   i s   b roader   d isseminat ion   o f   in fo rmat ion  on the 

capabi 1 i t i e s   o f  microwave  radiometry,   widespread  appl icat ion  of   th is  remote  sensing 

technique i s  u n l i k e l y   t o   o c c u r   f o r  some time. 

An exce l l en t   beg inn ing   i n   t h i s   d i rec t i on   wou ld  be an annotated and t u t o r i a l  

bib1  iography on microwave  radiome;try, s im i l a r   t o   t ha t   p repared   by  M.L. Bryan [ 6 ]  
on radar. D r .  Bryan's  work i s  qu i te   impress ive and h i s  approach  warrants some 

a t t e n t i o n .  
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Dur ing  the  course  o f   the  survey,  a cons iderab le   quant i t y  o f  techn ica l  

mater ia l  was furnished  by  users and research   sc ien t is ts  on various  remote  sensing 

techniques. A p a r t i c u l a r l y   i n t e r e s t i n g   c o l l e c t i o n  was provided on microwave  radio- 

metry  by D r .  T.J. Schmugge o f  NASA Goddard  Space Fl ight   Center.   Another,  even  more 

comprehensive, c o l l e c t i o n   o f   r e p o r t s  on remote  sensing i n   t h e   v i s i b l e  spectrum was 

furnished  by  Professor L.F. S i l v a   o f   t h e   L a b o r a t o r y   f o r   A p p l i c a t i o n s  o f  Remote 

Sensing,  Purdue Un ivers i ty .  A l l  o f   t h i s   m a t e r i a l   i s   l i s t e d   i n   t h e   B i b l i o g r a p h y .  
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Section 4 

ADVANTAGES AND DISADVANTAGES OF MICROWAVES 

Survey  Questionnaire  Item 14, concerning  the  advantages  and  disadvantages 
of  microwave  radiometry,  evoked some interesting  replies.  The  advantages  cited 
were  as  fol  lows: 

1. All-weather,  day  or  night,  sensing  capability. 

2 .  Useful  for  detection  of  soil  moisture,  water  salinity  and  oil  spills. 

3 .  Capable  of  providing  surface  temperature  data. 

4. Capable of detecting  lake  ice  through  cloud  cover. 

5. Has  detected  terrain  under  snow and can  provide  information  on 
snow  wetness,  density and thickness. 

6 .  Less  expensive  than  radar  (no  transmitter). 

The  disadvantages  of  microwave  radiometry  were  less  frequently  mentioned. 
Comments  received  were  as  follows: 

1 . Inadequate  spat i a1  resol ut ion  from  sate1 1 i te a1 t i tudes. 

2. Theory  insufficiently  developed  for  terrain  analysis. 

3 .  Data  interpretation  tends  to  be  subjective and is,  partly,  due 
to high skill  and  technical  background  required df  the  interpreter. 

4. Equipment  is  more  expensive  than  sensors in visible  region  of  the 
spectrum. 

Several  favorable  comments  were  made  with  respect  to  side-looking  radar 
(SLR) [7] in connection  with  the  above  remarks.  These  include  the  following: 

1. Good  spatial  resolution  from  satellite  altitudes. 

2.  Useful in mapping  sea  ice  age  distribution  through  snow  cover. 

3 .  A1 1 -weather  capabi 1 i ty . 
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I t  i s   w o r t h   e l a b o r a t i n g  somewhat on the above user comments, i n  terms o f   t h e  

v a r i o u s   n a t u r a l l y   o c c u r r i n g  and man-made features.   This  d iscussion will be 

d i v i d e d   i n t o  two  par ts :   A i rborne and Space microwave  systems, respec t ive ly .  

4.1 AIRBORNE MICROWAVE SYSTEMS 

Both  microwave  radiometry and side- looking  radar (SLR) can detect  land-water 

boundar ies  wi th  considerable ease. T h i s   i s  due t o   t h e   s t r o n g   c o n t r a s t   i n   e m i s s i v e  

and r e f l e c t i v e   p r o p e r t i e s   o f   l a n d  and water.  Accordingly,  these systems will 

clear ly  del ineate  f lood  boundar ies,   stream  channels,   lakes,  lagoons,  barr ier  

i s l ands ,   t i da l   c reeks  and i n l e t s ,   t i d a l  marshes, stream  terraces and f lood  plains, ,  

and dra inage  pat terns.  

I n   add i t i on ,   bo th   t ypes   o f   senso rs   a re   capab le   o f   de tec t i ng   va r ious   wa te r -  

associated man-made features  such as harbors,  ship  channels,  piers,  ships,  bridges, 

seawalls, and water - t rea tment   s i tes .  

Further,  these  systems can fu rn i sh   imagery   f o r   t he   l oca t i on  and i d e n t i f i c a t i o n  

o f   o t h e r  man-made features  such as urban and res ident ia l   areas,   parks,   spor ts  

arenas, i n d u s t r i a l  complexes, a i r p o r t s ,  sewage-disposal  plants,  highways, r a i l -  

roads,  large  high  tension  towers,  tank  farms,  quarries, and cemeteries. 

All o f   t h e  above features can  be de tec ted   i n  a var ie ty   o f   a tmospher ic   cond i -  

t i o n s  and i n   t h e  absence o f   s u n l i g h t .  The degree t o  which  microwave  sensors can 

penetrate  var ious  c loud,   ra in  and p r e c i p i t a t i n g  snow cond i t ions  i s ,  o f  course, 

dependent  on operat ing  f requency and, i n   t h e  case o f  radar, on t r a n s m i t t e r  power. 

I n   a d d i t i o n   t o   t h e  above features,  Reference El], repor t  showed t h a t  a micro- 

wave radiometer can d i s c r i m i n a t e  between t h e   f o l l o w i n g   m a t e r i a l s :  

Dry and m i s t   s o i l s   v e r s u s  weed-covered  loam 

Limestone and pumice  versus  weed-covered  loam 

Wheat, oats  and a l f a l f a  versus  weed-covered  loam 

Dry and  wet snow, and ice  versus  stoney loam 

Forest   f i res  versus  forested  areas.  
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Terra in   imagery  obta ined  wi th   the NASA Goddard  Space F1 ight   Center  (GSFC) 

airborne  Electr ical ly  Scanning.Microwave  Radiometer (ESMR) i s   q u i t e   i m p r e s s i v e  

8,9 . The false  color  str ip-map  presentat ions  cover  the  br ightness  temperature 

range from 170°K t o  280°K and resemble  the  fa lse  co lor  ERTS-1 data. Such presen: 

ta t ions ,  when corre la ted  wi th   topographic ,   hydrogeologic ,  and geologic  maps, can 

be ve ry   use fu l   i n   da ta   i n te rp re ta t i on .  I t  will b e   r e c a l l e d   t h a t  most o f   the 

respondents to   t he  Survey Quest ionna i re   spec i f ied  a  need f o r  imagery, f o r  ready 

examination  of  remote  sensing  data i n   t he   ea r l y   s tages   o f   da ta   ana lys i s .  Thus, 

t o  be successful,  microwave  systems  must  be  capable o f   fu rn ish ing   su i   tab le   imagery .  

This  information  must,  of  course, be a d j u s t a b l e   i n   s c a l e  and geomet r ica l l y  

correctable  to   permi t   ready  corre la t ion  wi th   topographic  maps. 

The disadvantages  of  airborne  microwave systems  were c i t e d ,   i n   p a r t ,   a t   t h e  

beginning  of   th is  Sect ion.   Reference was  made there  to   inadequate  spat ia l   resolu-  

t ion,  with  microwave  radiometers, from s a t e l l i t e   a l t i t u d e s .   T h i s  comment could 

a l so   app ly   t o   a i rbo rne   rad iomet r i c  systems, i f  t h e   r e q u i r e d   r e s o l u t i o n   i s   o f  a 

high  order,  the  radiometer  operating  frequency i s  low,  and t h e   a i r c r a f t  i s  a t  a 

h i g h   a l t i t u d e .  For  example, cons ider   the   fo l low ing   cond i t ions :  

Radiometer  operating  frequency: 1.4 GHz (A = 21 cm) 

Antenna aperture:  1.82 meters 

Operating a1 ti tude: 3048 meters 

A t  nadi r   the 3-db antenna beamspot diameter  would be c l o s e   t o  427 meters; a t  

a 45-degree  incidence  angle i t  would be 854 meters  (double  major-axis  of   e l  1 ipse). 

Thus, t h e   s p a t i a l   r e s o l u t i o n   a v a i l a b l e   w i t h   t h e  system  would  range  from.  approxi- 

mately 0.45 km t o  0.9 km. The swath  width,   for  a 2 45-degree r a s t e r  scan  would 

be approximately 7 km. If a factor -of - two improvement i n   s p a t i a l   r e s o l u t i o n  

were des i red ,   the   a l t i tude   wou ld  have t o  be lowered t o  1524 meters;  thus,  the 

ava i lab le   reso lu t ion   wou ld  be 214 t o  427 meters,  over  the above angular  range, 

and the swath width  would  reduce  to 3 .5  km. 

The  above  example i l l u s t r a t e s   t h e   d i f f i c u l t y   i n v o l v e d   i n   r e a l i z i n g   h i g h  

s p a t i a l   r e s o l u t i o n   w i t h  microwave  radiometric  sensors. O f  course, many t e r r a i n  

features do n o t   r e q u i r e   r e s o l u t i o n   o f  214 t o  427 meters,  a1  though  the  median 

va lue   spec i f i ed  by the  users  (Section 3) was approximately 4047 sq. meters. Now, 
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i f  one  were to cons ide r   ope ra t i on   a t  S-band (2.7 G H z ) ,  . there  would be  a f a c t o r -  

of-two improvement i n   s p a t i a l   r e s o l u t i o n ,   w i t h   t h e  same antenna  aperture and 

o p e r a t i n g   a l t i t u d e s .  Thus,  an  S-band  system  would come c lose   t o   sa t i s f y ing   t he  

1 -ac re   reso lu t i on   requ i remen t ,   a t   an   a l t i t ude   o f  1524 meters. 

A i rborne  s ide- look ing  radar  (SLR) i s  capab le   o f   cons iderab ly   h igher   spa t ia l  

resolut ion.   For  example, the AN/APQ-lOEA (X-band) system has  a r e s o l u t i o n  o f  

15 meters.  Since t h i s  i s  a focused  synthet ic   aper ture  radar ,   the  resolut ion i s  

independent o f   o p e r a t i n g   a l t i t u d e .   I n   f a i r n e s s   t o  microwave  radiometric systems, 

however, it should  be  s ta ted  that  an  X-band radiometer,   operat ing  wi th a 6-foot-  

aperture  antenna  would  have a reso lu t i on   o f  29 t o  58 meters,  over a * 45-degree 

scan  angle,  from  an a l t i t u d e   o f  1524 meters. 

A d isadvantage  o f   radar  i s  t h a t  i t  cannot  measure  temperatures o r   s a l i n i t i e s .  

SLR i s   a l s o  a  good deal  more  expensive  than a microwave  radiometer  operating  at 

the same frequency. 

4.2 SATELLITE MICROWAVE SYSTEMS 

The bas i c   d i f f e rence  between a i rborne  and s a t e l l i t e   o p e r a t i o n   i s   t h e  much 

greater   d is tance from the  sensor   to   the  ear th 's   sur face.  A t  an a l t i t u d e   o f  

926 km, t h i s   d i s t a n c e  i s  approximately 600 t imes  greater  than  the above-mentioned 

1524 meter   a l t i tude.   Accord ing ly ,   the above rad iometer   resolut ions will be 

degraded by t h i s   f a c t o r ,  i f  the  antenna  aperture  remains  f ixed. 

If, however, the  antenna  aperture  were  increased  to 100 meters  (328 f e e t ) ,  

t h i s   f a c t o r   w o u l d  be reduced t o  about 11. A t  S-band, a radiometer  would,  then, 

have  a r e s o l u t i o n   o f  1.85 t o  3.7 km over   the k &degree  scan  angle.  For  the 

L-band radiometer,   th is  would  degrade  to 3.7 t o  7.4 meters. These reso lu t ions  

would make microwave  rad iometers  qu i te   a t t ract ive  for   remote  sens ing from space. 

I n   c o n t r a s t   t o   t h e  above,  a focused SLR will r e t a i n  i t s  resolut ion  capabi  1 i t y  

r e g a r d l e s s   o f   a l t i t u d e .  Thus, the  afore-mentioned SLR system will demonstrate a 

r e s o l u t i o n   o f  15 meters a t  a s a t e l l i t e   a l t i t u d e   o f  926 km. This  should be o f  

cons iderab le   s ign i f i cance  to   the   remote   sens ing  community, p a r t i c u l a r l y   s i n c e  an 
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X-band SLR  will  be capable  of  furnishing a variety  of  useful  data  under  most 
weather  conditions. It would,  therefore,  appear that a focused  SLR  could  fulfill 
an important  role in remote  sensing  of  terrain-related  parameters  from  spacecraft 
altitudes. 

4.3 SOPHISTICATION OF MICROWAVE  SENSORS OVER OTHER  TECHNIQUES 

Microwave  sensors  possess an inherent  sophistication,  relative  to  sensors in 
the  visible and infrared  regions  of  the  spectrum,  due  to  the  decreasing  attenuation 
in physical  matter  with  increasing  wavelength.  Thus,  depending  upon  wavelength, 
the  atmosphere and terrestrial  materials  can be  fairly  transparent or  quite opaque. 

A clear  atmosphere is relatively  transparent at, both,  long and-short wave- 
lengths  through  the  visible  region of the  spectrum.  However,  the  presence  of 
condensed  water  vapor  causes  heavy  attenuation  of  electromagnetic  energy,  beginning 
with  the  higher mill imeter-wave  region. At infrared and optical  wavelengths,  the 
attenuation  due  to  clouds is so great that even thin cloud  layers  are  essentially 
opaque.  Thus, in the  presence of  clouds and heavy  haze  the  earth is masked  from 
the  view  of  satellite  sensors  operating at infrared and optical  wavelengths.  Such 
is  not the  case in the  microwave  region  of  the  spectrum.  Here,  with  the  exception 
of the weak  water  vapor  absorption  peak at 22 GHz,  clouds  are  relatively  transparent 
from 1 GHz  to  about 40 GHz,  although  the  attenuation  increases  progressively  with 
frequency.  Therefore,  microwave  satellite  sensors  have an inherent  advantage  over 
infrared and optical  sensors,  due  to  their abi 1 ity to  ''see" through a cloudy 
a tmos  phe  re. 

Similar  statements  may be made  concerning  the  attenuation  of  electromagnetic 
energy in dielectrics,  such  as  sol id terrestrial  materials  and  water.  Due  to  the 
high attenuation in these  materials, in the  infrared and optical  region,  they  are 
opaque at these  wavelengths.  However,  depending  on  the  value  of  the complex 
dielectric  permittivity, at a given  frequency,  microwave  energy  can  penetrate  these 
materials  to some degree.  Thus,  microwaves  are  not  confined  to  surface  effects; it 

is possible  to  sense  energy  emanating  from some depth  beneath  the  surface  of a 
dielectric  material.  This  has  important  ramifications in remote  sensing,  for it 
permits  detection and measurement  of  such  items  as  subsurface  moisture in soils; 
moisture  content  of  snow;  ice  and  soils  through  snow  cover;  and  terrain and water 
through fol  !age. Examples  of  these  capabi 1 ities  are  given in References [-I, [8], 
[4] and [3] respectively. 
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Another   usefu l   character is t ic  o f  microwaves i s   t h a t   o f  antenna  polar izat ion.  

An antenna  can  be h o r i z o n t a l l y   p o l a r i z e d  (E vec to r   pe rpend icu la r   t o   t he   p lane   o f  

i nc idence) ,   ve r t i ca l l y   po la r i zed  (E vector   para1  le1  to   the  p lane o f  Incidence)  or  

c i rcu lar ly   po lar ized,   which  represents  a combination o f  ho r i zon ta l  and v e r t i c a l  

po la r i za t i ons .  An antenna  designed to   rece ive   energy   a t  a g iven   po la r iza t ion  will 

e s s e n t i a l l y   r e j e c t  most o f  the  energy from the   o the r   po la r i za t i on  component. 

Both  microwave  radiometry and radar, when o p e r a t i n g   w i t h   l i n e a r l y   p o l a r i z e d  

antennas, show m a r k e d l y   d i f f e r e n t   r e s u l t s   f o r   h o r i z o n t a l  and v e r t i c a l   p o l a r i z a t i o n s .  

A good example o f   t hese  responses i s  shown in   F igu re  4-1 where in  theoret ica l   br ight -  

ness  temperatures  are shown a t  a frequency  of 2.5 GHz, f o r  two  wind  veloci t ies [9]. 
During  the  course  of  the  referenced  study, it was found  that use o f   t h e   v e r t i c a l  

component o f   p o l a r i z a t i o n   r e s u l t s   i n   s m a l l e r   e r r o r s ,  when d e r i v i n g  ocean tempera- 

tures  from  brightness  temperatures,  than i s  the   case  w i th   hor izon ta l   po la r iza t ion .  

This i s  because t h e   l a t t e r   p o l a r i z a t i o n   i s  somewhat more s e n s i t i v e   t o   s u r f a c e  rough- 

ness.  Subsequent studies [ l o ]  show t h a t   t h e   s e n s i t i v i t y   o f   t h e   h o r i z o n t a l  component 

o f   po la r i za t i on   t o   su r face  roughness  forms the   bas is   fo r  a remote  sensing  technique 

t h a t  will furn ish   in fo rmat ion  on ocean sur face   w ind   ve loc i ty   w i th  a maximum e r r o r  

o f  5 1.5 m/s under a r e l a t i v e l y  broad  range o f   env i ronmenta l   cond i t ions ,   w i th  an 

error- f ree  radiometer.  

Radar  has been used f a i r l y   e x t e n s i v e l y   f o r   i n d i r e c t  measurement o f  ocean surface 

wind v e l o c i t i e s  [ l l ] .  In   the  re ferenced work, bo th   hor izon ta l  and v e r t i c a l   p o l a r -  

i za t i ons  were employed. Results . . ." indicate  that   the  scatterometer  response 

i s  essen t ia l l y   p ropor t i ona l   t o   t he   square   o f  windspeed f o r   v e r t i c a l   p o l a r i z a t i o n " .  

The above  comnents on p o l a r i z a t i o n   e f f e c t s   i n d i c a t e  an added soph is t i ca t i on  

inherent   in  microwave  sensors,  thus  enhancing t h e i r   v a l u e   f o r  remote  sensing. 
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F igure 4-1 - Brightness  Temperatures o f  Rough,  Foam-Covered  Ocean Surfaces 
(2.5 GHz, T = 284OK, S = 33 O / o ~ ,  W = 4 and  20 m/s ,  Clear Sky 
and Heavy Rain) 
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Section 5 

DATA  ANALYSIS  PROBLEMS  WITH M 

COMPARED WITH OTHER TECHN 

I CROWAVES 

1 QUE S 

Proper   in terpretat ion o f  data  from a remote  sensing  system  requi  res t h a t  the 

user be knowledgeable  about  the  energy-matter  interactions  taking  place between, 

1. The vegeta t ion ,   so i l ,  snow, ice,  water or  other   mater ia l  on the  

ear th 's   sur face,  

and 2. The energy  that i s  re f l ec ted ,  absorbed, t ransmit ted,   scattered 

or   emi t ted  by those  mater ia ls.  

Knowledge o f  these  energy-mat ter   in teract ions  permi ts   the  spect ra l   character is t ics  

o f   t h e   m a t e r i a l s   t o  be pred ic ted  and the  remote  sensor  data t o  be accurately 

in te rpre ted .  

The above statement  appears i n   s l i g h t l y   d i f f e r e n t  language i n  a techn ica l  

note by Hof fe r  [ 1 2 ] .  Hof fe r  goes on t o  make the  fol lowing  statement: 

" In  remote  sensing  research  involving  vegetation, we are  f requent ly  

in te res ted  i n  one o r  more of  three  problem  areas: 

1 .  To de l i nea te ,   i den t i f y ,  and map various  species 

(i .e. f l o r i s t i c  mapping). 

2. To de l ineate ,   iden t i f y ,  and map vegetative  groupings 

hav ing   d i f f e ren t   phys i ca l   cha rac te r i s t i cs  (i .e. physiog- 

nomic  mapping). 

3.  To de tec t ,   iden t i f y ,  and map var ious  types  o f   vegetat ive 

s t ress   cond i t ions  (e.g. s t ress  caused  by diseases,  insects, 

l a c k   o f   a v a i l a b l e   s o i l   m o i s t u r e ,   f e r t i l i t y ,   p o l l u t a n t s   i n  

the   a i r   o r   wa te r ,   e t c . )  . ' I  

S i m i l a r  comments can be made about  other  mater ia ls and phenomena. However, 

accurate  analysis o f  remotely sensed d a t a   i s  dependent on a cons iderab le   s to re   o f  

knowledge r e l a t i v e   t o   t h e   s p e c t r a l   c h a r a c t e r i s t i c s   o f   g i v e n   m a t e r i a l s  and  phenomena. 



Such cha rac te r i s t i cs   a re   reasonab ly   we l l  known i n   t h e   v i s i b l e  and i n f r a r e d  

regions, due t o   t h e   r a p i d  development o f  components and remote  sensing  techniques. 

The success o f   t h e  ERTS-1 system, and s i m i l a r   a i r b o r n e  and ground-based  systems, 

substant ia tes  th is   s ta tement .  

A v a r i e t y   o f   s o p h i s t i c a t e d   p r o c e s s i n g  and computer  analysis  techniques, 

inc lud ing  pat tern  recogni t ion,   have been developed f o r  semi-automated  analysis 

o f   d a t a   c o l l e c t e d  by mul t ispect ra l   sensors,   by  such  inst i tu t ions as the  Environ- 

mental  Research I n s t i t u t e   o f   M i c h i g a n  (ERIM)  and the   Labora tory   fo r   App l ica t ions  

o f  Remote Sensing (LARS) a t  Purdue Un ive rs i t y .  These techniques  have  permitted 

rap id  and accu ra te   ana lys i s   o f   l a rge  amounts of   data  recorded by, both,  the ERTS-1 

system and a i r b o r n e   v i s i b l e  and in f rared  sensors.  

Unfor tunate ly ,   s im i la r   c la ims  cannot   be  made f o r  microwave  systems,  due t o  

the  somewhat slower  development of ,  both,  these  systems and re la ted   da ta   i n te r -  

pretat ion  techniques.   Th is   lag  has been, p a r t l y ,  due t o   i n s u f f i c i e n t  emphasis 

on  ground-based  measurements,  wherein the  rad iometr ic  and r a d a r   c h a r a c t e r i s t i c s   o f  

mater ia ls  could  have been obtained  under known condi t ions.  

D u r i n g   t h e   l a t t e r   h a l f   o f   t h e   1 9 6 0 ' s   t h e r e  was  a great  rush, by several 

groups, into  airborne  microwave  systems - long   be fo re  any  comprehensive  knowledge 

was a v a i l a b l e  on t h e   c h a r a c t e r i s t i c s   o f   m a t e r i a l s  and  phenomena a t   va r ious  

f requenc ies   i n   t h i s   reg ion  o f  the  spectrum. As a r e s u l t ,  a great   deal   o f   conjec-  

tu re   a rose  as t o   t h e  meaning o f  much o f   t h e   d a t a   c o l l e c t e d  w i th  these systems. 

These c o n t r o v e r s i e s   p e r s i s t   t o   t h i s  day, a l t hough   a t  a d im in i shed   l eve l .   Th i s   i s  

due t o  an increased awareness, i n   recen t   yea rs ,   o f   t he  need f o r   b e t t e r   i n f o r m a t i o n  

on  the  microwave  response t o   v a r i o u s   m a t e r i a l s  and  phenomena.  Work by many 

researchers  wi th in  NASA, NOAA, the  U.S. Naval  Research  Laboratory,  the  Environmental 

Research I n s t i t u t e   o f  Mich igan,   Ohio  State  Univers i ty ,   Univers i ty   o f  Kansas and 

severa l   indust r ia l   research  f i rms  has  cont r ibuted  markedly   to  enhanced  knowledge 

i n   t h i s  area. However, a great  deal  remains t o  be  accomplished  before  microwave 

sensor  data  can be ana lyzed  w i th   the   p rec is ion  and e f f i c i e n c y   o f   i n f o r m a t i o n  

c o l l e c t e d  by v i s i b l e  and in f ra red   sensors .   Th is   v iew  i s   re f lec ted   in  some o f   t h e  

user  responses  appearing i n   S e c t i o n  3. 

As s ta ted   i n   Sec t i on  4, most o f  the  users,  responding t o   t h e  Survey  Question- 

na i re ,   spec i f i ed  a need f o r  imagery t o   f a c i l i t a t e   d a t a   i n t e r p r e t a t i o n .  I t  i s  



evident,  from a rev iew  of   Reference C81 tha t   f a l se   co lo r   imagery   i s   o f   cons ide rab le  

va lue   i n   t he   ana lys i s  o f  microwave  radiometric  data.  Accordingly, it would seem 

a p p r o p r i a t e   t o   u t i l i z e   t h i s   f o r m   o f   p r e s e n t a t i o n  with any scanning  system. However, 

such d isp lays   shou ld   be   geomet r ica l l y   cor rec ted   to   fac i l i ta te   compar ison   w i th  

topographic maps. Computer maps a re   a l so   ve ry   use fu l   i n   da ta   i n te rp re ta t i on ,  as 

shown i n  many repor ts  by E R l M  and LARS. For  ease o f  examination, however, 

i n d i v i d u a l  maps shou ld   be   l im i ted   t o  a maximum o f   f o u r   o r   f i v e  symbols. 

The f i v e  most impor tant   problems  in   the  analys is   o f   remote ly  sensed  microwave 

rad iometr ic   data  are  cons idered  to   be as fo l lows:  

1. Achievement o f  accurate,   absolute  temperature  ca l ibrat ion  o f   the 

radiometer. 

2. El iminat ion,   or   compensat ion  for ,   the  tendency  of   apparent tempera- 

t u r e s ,   a t   t h e   c e n t e r   o f  a t ransverse scan, t o  be h igher   o r   lower  

than  those a t   t h e  edges o f   t h e  scan, depending on whether a v e r t i c a l  

o r   h o r i z o n t a l l y   p o l a r i z e d  antenna i s  employed, respec t ive ly .  

3. Compensation fo r   rad ia t ions   rece ived  v ia   the   an tenna  s ide lobes .  

4. E l i m i n a t i o n   o f   t h e   e f f e c t s   o f   r e f l e c t e d   s o l a r   r a d i a t i o n   f r o m  

specular  surfaces such  as water. 

5. Development o f  automated data  analysis  techniques, s i m i l a r  t o  

those used w i th   op t ica l   sensors .  

5.1 RAD I OMETER CALI BRAT I ON 

Various  approaches  are  used i n  rad iometer   ca l ibrat ion.  The important  elements 

o f  a sound  method are  summarized  below: 

1 .  The c a l i b r a t i o n   c i r c u i t  and the RF por t ion   o f   the   rad iometer   shou ld  

be  housed i n  a' we1 1- insulated  temperature-contro l   led  enc losure,   to  

reduce t o  a  minimum f l u c t u a t i o n s ,  due t o  temperature changes, i n  

re rad ia t ion   f rom  lossy  components i n   t h e   c a l i b r a t i o n   c i r c u i t ,  and i n  

ou tpu t   leve l   f rom  the   ca l ib ra t ion   source .  Good temperature s t a b i l i t y  

a l so   m in im izes   vo l tage   ga in   f l uc tua t i ons   i n   so l i d -s ta te  RF a m p l i f i e r s .  
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2. The n o i s e   l e v e l s   o f   t h e   c a l i b r a t i o n   c i r c u i t   s h o u l d  be determined 

i n d i r e c t l y  by measuring  the  response o f   t he   rad iomete r  to  

accurate ly  known input  noise  temperatures,   furnished  by a s t a b l e  

external   noise  source. I f  poss ib le ,   t he   e r ro r   i n   t he   ex te rna l  

l eve l - se t t i ng   a t tenua to r   shou ld   no t  exceed 0.05 db. 

3 .  The rad iometer   ampl i f ie rs  and o t h e r   c r i t i c a l   c i r c u i t s   s h o u l d  be 

powered  by h igh l y   s tab le   regu la ted  power supplies  which, i n   t u r n ,  

should be suppl ied with c lean,   s tab le  pr imary power. 

4. The radiometer RF head should be thoroughly  shielded  against  

e lect romagnet ic   in ter ference and a l l  RF cab les   runn ing   to  and 

from  the  radiometer  should be double-shielded. 

5. Dur ing normal operat ion,   the  radiometer  should be c a l i b r a t e d  

f requent ly ,   cons is tent  wi th the  long-term  gain d r i f t   o f   t h e  

receiver  amp1 i f i e r s .  

I f  the above basic  ru les  are  observed,  data  analysis will be g r e a t l y   f a c i l i -  

t a t e d  by the   e l im ina t i on   o f   sh i f t s   i n   abso lu te   apparen t   t empera tu res  measured  by 

the  radiometer. Some ear ly   rad iometer  measurement programs  have  suffered  because 

o f   i n s u f f i c i e n t   a t t e n t i o n   t o   t h e s e   i m p o r t a n t   i t e m s .  

5.2 NON-UN I FORM APPARENT  TEMPERATURES ACROSS SCAN 

This  problem  occurs  mainly when a rad iometer   i s   cover ing  a wide  angular scan 

( t y p i c a l l y  f 45 degrees)   over   specular   or   near-specular   mater ia ls .   Referr ing  to  

F igurek-1 ,  it will be observed  tha t   the   ver t i ca l l y   po la r ized   b r igh tness   tempera tures  

o f  ocean water  increase  markedly  from a nad i r   ang le   o f   zero   degrees   to  an angle 

o f  45 degrees.  In  the  case o f   t h e   h o r i z o n t a l  component o f   p o l a r i z a t i o n ,   t h e  

opposi te   is   t rue.   S imi lar   br ightness  temperature  responses  are  obta ined  for   f resh 

water and other   specular  and near-specular  mater ia ls.  

There i s  n o   b a s i c   o b j e c t i o n   t o   t h e s e   c h a r a c t e r i s t i c s  when da ta  i s  presented  in 

the  form o f   p l o t s   o r  when comparisons  are made between va r ious   ma te r ia l s   a t   t he  

same nadir   angle.  The p rob lem  a r i ses   i n   f a l se   co lo r  imagery, s ince  most apparent 

temperatures a t ,  and near,   the  center  of   the scan a re   p resen ted   i n   d i f f e ren t   co lo rs  

than  those  near  the edges.  Thus, m a t e r i a l   i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  can 

be d i f f i c u l t   w i t h   t h i s   t y p e   o f   d i s p l a y .  
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T h r e e   s o l u t i o n s  seem p o s s i b l e  to  t h i s   p r o b l e m .   T h e   f i r s t   a n d   e a s i e s t   o n e  

i s  to  l i m i t   t h e   a n g u l a r   s c a n ,   w h e n e v e r   p o s s i b l e ,  to  a b o u t  k 15 d e g r e e s .   T h i s   h a s  

a d i s a d v a n t a g e   i n   t h a t   t h e   s w a t h   w i d t h   w i l l   b e   r a t h e r   n a r r o w .   I n   a d d i t i o n ,  

a n g u l a r  effects w i l l   b e   m i n i m i z e d   i n   t h e   d a t a ;   t h i s  may p resen t   p rob lems   where  

t h e   a n g u l a r   d e p e n d e n c e   i s   . i m p o r t a n t  to  t h e   u s e r .   T h e   s e c o n d   s o l u t i o n   i s  to  i n t r o d u c e  

a compensa t ion  to t h e   d a t a  for t h e   a n g u l a r   c u r v a t u r e ,   o v e r   t h e   s c a n   w i d t h ,  by  observ-  

i n g   t y p i c a l   c u r v a t u r e s   o v e r  a v a r i e t y  of t e r r a i n .   T h i s   c o r r e c t i o n   w o u l d   o n l y   b e  

a p p l i e d  to  f a l s e   c o l o r   i m a g e r y .   T h i s   t y p e   o f   a n g u l a r   r e c t i f i c a t i o n   s h o u l d   m a r k e d l y  
i n c r e a s e   t h e   v a l u e  of t h i s  form of d a t a   p r e s e n t a t i o n .   T h e   t h i r d   s o l u t i o n   i s ,  
p e r h a p s ,   t h e   b e s t ;   i t   i n v o l v e s   t h e   u s e  of a c o n i c a l   s c a n ,   w h e r e i n   t h e   a n g l e  of 

i n c i d e n c e   o f   t h e   a n t e n n a  beam, a t  t h e   t e r r a i n   s u r f a c e ,   i s   c o n s t a n t   o v e r   t h e   s w a t h  

w i d t h .  O f  c o u r s e ,   t h i s   m e t h o d  may b e   d i f f i c u l t  to i m p l e m e n t   i n   e l e c t r o n i c a l l y  
s c a n n e d   p h a s e d   a r r a y   a n t e n n a s ,   b u t   i t   r e p r e s e n t s  a r e a s o n a b l e   s o l u t i o n  t o  t h e  

p r o b l e m   o f   n o n - u n i f o r m   a p p a r e n t   t e m p e r a t u r e s  across t h e   a n t e n n a   s c a n .  

5.3 COMPENSATION FOR RADIATIONS R E C E I V E D  V I A  THE  ANTENNA SIDELOBES 

R a d i a t i o n s   r e c e i v e d   v i a   t h e   a n t e n n a   s i d e l o b e s   a n d   b a c k l o b e s   t e n d  to  r a i s e   t h e  

a p p a r e n t   t e m p e r a t u r e s   s e n s e d  by a t e r r a i n - s c a n n i n g   r a d i o m e t e r .   D e p e n d i n g  on t h e  
a c t u a l   s i d e l o b e   l e v e l s   a n d   o b s e r v e d   m a t e r i a l ,   t h e   i n c r e a s e   i n   a p p a r e n t   t e m p e r a t u r e s  
d u e  to t h i s   e f f e c t   c a n   b e  as g r e a t  as 4 -  5OK. To  make matters worse, t h e  effect 

t e n d s  t o  be  a f u n c t i o n  of s c a n   a n g l e   b e c a u s e ,   i n   t h e  case of a h o r i z o n t a l l y   p o l a r i z e d  

a n t e n n a ,   t h e   h i g h   a n t e n n a   s i d e l o b e s  a r e  r e c e i v i n g   e n e r g y   f r o m   t h e   s u r f a c e  a t  t h e  
c e n t e r   o f   t h e   s c a n   w h e r e   t h e   r a d i a t e d   e n e r g y   i s   h i g h e s t   ( f o r  a homogeneous   ma te r i a l )  

whereas  most of t h e   s i d e l o b e s  are  r e c e i v i n g   l o w e r   l e v e l   e n e r g y  a t  t h e   e n d   o f   t h e  

s c a n .   T h e   o p p o s i t e  effect a p p l i e s  to a v e r t i c a l l y   p o l a r i z e d   a n t e n n a .   T h u s ,  a s i g n a l  

m o d u l a t i o n   t a k e s   p l a c e   d u r i n g   t h e   a n t e n n a   s c a n .  For a * 4 5 - d e g r e e   s c a n   a n g l e ,   t h i s  
modu la t ion   can   r ange  from 0 t o  4-soK, d e p e n d i n g   o n   a c t u a l   s i d e l o b e   l e v e l s .  

T h i s   p r o b l e m   c a n   b e   e l i m i n a t e d  t o  some e x t e n t  by a t e c h n i q u e   w h i c h ,   i n   e f f e c t ,  
s u b t r a c t s   t h e   e n e r g y   r e c e i v e d  by t h e   s i d e l o b e s  from t h e   t o t a l   e n e r g y   r e c e i v e d   b y  
t h e   a n t e n n a .  A method for t h i s   i s   d e s c r i b e d   i n   R e f e r e n c e   [ l ]   r e p o r t .  One o f   t h e  

p r o b l e m s   i n h e r e n t   i n   a n y   s u c h   t e c h m i q u e  is t h e   c o n s i d e r a b l e   a m o u n t  of computer  

p r o c e s s i n g   t i m e   r e q u i r e d  t o  perform t h e   c o r r e c t i o n s .   T h u s ,   c e r t a i n   a p p r o x i m a t i o n s  

are n e c e s s a r y  to  e n s u r e   e c o n o m i c   d a t a   r e d u c t i o n .  
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5.4 EFFECTS  OF  SOLAR  RAD  IATION 

This  problem  arises  principally  at  frequencies  below  approximately 10 GHz, 

where  solar  radiation  flux  is  relatively high, and  only  when a microwave  radio- 
meter  is  viewing  highly  reflective  surfaces,  such  as  water, in the  direction  of 
the  sun.  Reference [ I 3 1  provides  an  analysis o f  this  effect,  over  ocean  surfaces, 
at a frequency  of 2.5 GHz. The  results  show  that,  depending  on  the  degree  of  ocean 
surface  roughness,  the  reflected  solar  brightness  temperature  lies in the  range 
2.9% to  ll.O°K, in the  specular  direction  i.e., in the  main  lobe  of  the  antenna. 
Such  "interference"  would  cause  considerable  problems in data analysis, if  the 
higher  brightness  temperatures  were  not  eliminated during data  reduction.  However, 
the  problem  would  not  exist  if  the  solar  radiation  were  scattered  only in the 
direction  of  the  antenna  sidelobes.  Since  the  average  level of  this  portion  of  the 
antenna  pattern  is  typically  about -20db, with  respect  to  main  lobe  peak,  the  above 
reflected  solar  radiation  levels  would  be  reduced  by a factor  of 100. Thus,  solar 
interference  would  be  negligible  under  these  conditions. 

The  most  practical  way  to  eliminate  the  effects  of  solar  radiation,  scattered 
into  the  main  lobe  of  the  antenna,  is  to  take  into  account  the  direction  of  the 
radiometer  flight  path,  sun  position  and  sun  elevation  angle during reduction  of  low 
frequency  radiometer  data. 

5.5 AUTOMATED  DATA  ANALYS  IS  TECHN I QUES 

This  problem  is  considered  to  be  one  of  the  most  difficult  of  all  the  problems 
cited at the  beginning  of  this  Section.  This  is  partly  due  to  the  fact  that  micro- 
wave  remote  sensing  is,  to some extent,  still in the  research  stage.  However,  this 
situation  is  expected  to  change during the  next 2 - 3  years,  with  extensive  opera- 
tional  applications  developing during this  period.  The  Nimbus 5 Electrically  Scan- 
ning Microwave  Radiometer  (ESMR) [ I 4 1  represents,  perhaps,  the  beginning  of  the 
operational  phase of, both,  microwave  radiometry  and  radar in space. 

Automated  data  analysis  is  very  important  where  large  quantities  of  airborne 
or satellite data are  concerned.  Considerable  advances  have  been  made in this  area, 
with  optical  sensors,  at ERIM and  LARS. D.A. Landgrebe [ I51  has  presented a 
valuable  sumnary  on  this  topic.  The  referenced  work  furnishes  an  extensive  biblio- 
graphy  on  machine  processing,  classification  and  analysis  of  remotely  sensed  data. 
Such  information  can  form  the  basis  for  automated  analysis of microwave  data; it 
would  be  wise  to  exploit  the  techniques  described in the  above  work  and  associated 
references  for  this  purpose. 
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